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Description 

1. Held of the Invention 

5 The present invention is directed to anti-idiotypic antibodies which induce a immune response against tumors 

which bear as antigen the epidermal growth factor receptor (EGFR). This invention relates, above all, to anti-idiotypic 
antibodies which have the internal image of the antigen and are capable to mimick the external domain of human 
EGFR. As preferred embodiments of the invention, said antibodies derive from the murine mAb 425 or from its human- v 
ized and chimeric versions. The antibodies of the invention can be used for tumor immunotherapy and immunoprophy- 

io laxis. 

2. Backround of the Invention 

The specification relates to several abbreviations and technical terms which are defined as follows: 

15 

"FRs" (framework regions) mean the four subregions of the light or heavy chain variable regions that support the 
three CDRs. 

"CDRs" (complementarity determining regions) mean the three subregions of the light or heavy chain variable 

regions which have hypervariable sequences and form loop structures that are primarily responsible for making 
20 direct contact with antigen. 

"EGP and "EGFR" mean the epidermal growth factor ant its receptor. 

"PCR" means the polymerase chain reaction. 

"scFv" means single-chain Fv which is an antibody fragment. 

"V L " means light chain variable region. 
25 "vy means kappa light chain variable region. 

"V H " means heavy chain variable region. 

"Chimeric" or partially humanized antibodies mean antibodies comprising constant regions deriving from human 
sources and variable regions (CDRs included) deriving from non-human sources, e.g. from the mouse. 
"Humanized" or fully humanized antibodies mean antibodies comprising constant regions and FRs deriving from 
30 human sources whereas the CDRs derive from non-human sources. 

"Ab1 " means the first or parent antibody which induces a cascade of succession antibodies by immunisation. 
"Ab2" means the typical anti-idiotypic antibody (= "anti-id") which is directed to the idiotypes of the Ab1 . 
"Ab3" means an anti-idiotypic antibody which is directed against the idiotypes of the Ab2, and thus, is comparable 
with Ab1. 

35 PBS means phosphate buffered saline 

FCS means fetal calf serum 

HBSS means Hanks balanced salt solution 

FITC means f luoresceineisothiocyanate 

MTC means mixed cell culture 
40 KLH means Keyhole Limpet Hemocyanine 

CFA means complete Freund's adjuvants 

HRPO means human recombinant peroxidase 

Anti-idiotypic antibodies (anti-idotypes or "anti-ids") are antibodies directed against epitopes (called idiotypes) 
45 located in the antigen binding region or variable region of another antibody molecule. The interactions between idio- 
types (Ab1) ad anti-idiotypes (Ab2) play an important role in the maintenance of immune homeostasis. A network of idi- 
otypes and anti-idiotypes has beeb invoked to explain immunregulation (Jeme, F.G.,1974, Ann AmmunoU 250:373). 
The "internal image" anti-idiotypic antibodies mimic the three-dimensional structure of the antigen recognized by the 
Abl . The administration of Ate can induce the production of Ab3 antibodies against the original antigen. Idiotype vac- 
so cines have been applied successfully on several transmissible diseases and in the treatment of cancer ( for example: 
Uytdehaag. F.G., and C.M.H. Osterhaus. 1986, J. Immunol. 134: 1225; Kennedy, R.C. etal. 1986, Science 232220; 
Hiernaux, J.R, 1988; 56:1407; Stein, K.E., and T. Soderstrom, 1984, J.Exp.Med. 160:1001). In tumor immunology, the 
idiotypic vaccination has been used to modulate tumor growth in experimental in vivo and in vitro systems (Smorodin- 
sky, N.I. et al. 1988; Eur. J.lmmunoL 18:1713. Viale.G., et al., 1987, J.lmmunol 139:4250). Herlyn etal (1987, Proc.Natl. 
55 Acad. So. USA. 76:1438) have reported promising results in a clinical trial on patients with advanced colorectal carci- 
noma, arrest of metastases and partial clinical remissions were observed in patients treated only with anti-ids. Anti-idi- 
otypic antibodies and its use for tumor therapy are also known from US 4,918,164 and EP 0141 783, for example. 
Epidermal growth factor (EGF) is a polypeptide hormone which is myogenic for epidermal and epithelial cells. When 
EGF interacts with sensitive cells, it binds to membrane receptors (EGFR). The EGFR is a transmembrane glycoprotein 



2 



EP0 745 612 A1 



of about 170 kD and is a gene product of the c-erb-B proto-oncogene. 

MAb 425 is a murine monoclonal antibody raised against the well known human A431 carcinoma cell line (ATCC CRL 
1 555), binds to a polypeptide epitope of the external domain of the human EGFR, and inhibits the binding of EGF. MAb 
425 (ATCC HB 9529) was found to mediate tumor cytotoxicity in vitro and to suppress tumor cell growth of epidermoid 
5 and colorectal carcinoma-derived cell lines in vitro (Rodeck et ah, Cancer Res. 1987. 47: 3692). Humanized and chi- 
meric versions of MAb 425 have been disclosed in WO 92/1 5683. 

The binding of the EGF to the receptor activates several biochemical processes leading to DN A replication and cell divi- 
sion (Carpenter, G.1987, Annu.Rev. Biochem. 56:881). The EGFR system has been recently implicated in oncogenic 
transformation of cells (DiFiore, P.P. et al., 1987. Cell 51:1063.10). An autocrine stimulated cell proliferation has been 
v 10 proposed for several tumors which express the EGFR and secrete EGF or TGFa (Ennis,B.W. et al., 1989, Mol. Endo. 

3:1830), higher expression of EGFR in cell surface has been detected in tumors of diverse tissue origin: breast, bladder, 
carcinomas, melanomas and non-neuronal brain tumors (Neal, D.E. et al., 1985; Lancet 1: 366; 

Libermann.T.A. etal., 1984, Cancer Res. 44: 753; Herlyn.M. et al.,1982, J.Clin. Immunol*: 135). EGFR a therapeu- 
tical target because it is directly implicated in cellular proliferation of several tumors. Its overexpression has shown to be 
75 of bad prognostic value, correlating with an augmented invasive potential (Sainsbury.J.R. et al.,1985, Lancet 1:364). 
The passive or active immunization against EGFR in cancer patients leads to circulating specific antibodies which act 
as antagonists of EGF and TGFa, blocking their access to the receptor and inhibiting tumor growth. EGFR is a good 
candidate for a Idiotype vaccine since it can be purified from tumor cells but is not available in amount sufficient for ther- 
apeutic purposes. 

20 Anti-idiotypic antibodies, in general, and their structural comparison with their antigens, and internal images, were 
investigated and discussed by several goups (e.g. Tsjisaki, M. et a!., 1993, J Immunol. 150:508; Raychaudhuri, s. at al., 
1990. J. Immunol. 145:760; Bruck, C, et al., 1986, Proc. Natl. Acad. Sci. USA 83:6578. 



3. Summary of the Invention 
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The present invention provides for the first time new anti-idiotypic antibodies (anti-ids) which induce an immune 
response against the epidermal growth factor receptor. Especially, the invention provides at least two such anti-ids (des- 
ignated as 5A6 ad 3B6) which mimick an antigen site on the surface of the human epidermal growth factor receptor. 
Thus the antibodies according to the invention, especially those that can mimick the EGFR can be used to induce and 
to increase the immune response against all kinds of human tumors which express the epidermal growth factor receptor 
on their surface, melanomas, gliomas and carcinomas included. The said antibodies can be used also for diagnostic 
applications regarding locating and assessing the said tumors in vitro or in vivo. 

Thus, it is an object of the invention to provide a new antibody which is a monoclonal anti-idiotypic (Ab2) antibody induc- 
ing an immune response against epidermal growth factor receptor (EGFR). 

35 In detail, the invention relates to a monoclonal anti-idiotypic antibody mimicking the internal image of EGFR antigen rec- 
ognized by a conesponding murine, humanized or chimeric, monoclonal idiotypic (Ab1) antibody. This Ab1 antibody 
can be a non-human, especially a murine, a humanized or a chimeric monoclonal antibody as defined above. Since it 
is imaginable that there are per se several Ab1 antibodies directet against the EGFR epitope the invention relates also 
to anti-idiotypic antibodies which can recognize this group of Ab1 anti-EGFR antibodies. 

40 The invention relates, furthermore, to monoclonal anti-idiotypic anti-EGFR antibodies which can be obtained from the 
corresponding Ab1 anti-EGFR antibody, for example, by immunisation. 

ttu * ;*> ~~ ~^\ A r4 ~t ♦ha nroeonf invention tn nrnvirte a monoclonal antHdioty pic antibod y which is obtainable b y 

immunisation of an animal with a corresponding murine, humanized or chimeric, idiotypic (Ab1) antibody. 

The anti-idiotypic antibodies of the invention are perferably obtained by immunisation with the monoclonal anti- 
45 EGFR antibody 425 or humanized and chimeric versions thereof. MAb 425 is produced by the known cell line deposited 
unter ATCC HB 9629. . 

Thus it is an object of the invention to provide a monoclonal antibody characterized in that the idiotypic (Ab1) antibody 
is mAb 425 (ATCC HB 9629) or derives from it by humanisation or chimerisation according to known methods, for exam- 
ple, as described in WO 92/1 5683. 

so The invention relates also to specific anti-idiotypic antibodies which have well defined amino acid sequences in the 
hypervariable (CDRs) and variable (FRs) regions of the antibodies and which are indicated in Fig.5A-F 
Therefore, it is another object of the invention to provide an anti-idiotypic monoclonal antibody wherein the CD R regions 
and the FR regions of said antibody comprise the amino acid sequences of Fig. 5A-F Moreover, it is an object of the 
invention to provide, as preferred embodiment, an anti-idiotypic antibody comprising an amino acid or a nucleotide 

55 sequence of Fig. 5A-F. 

According to the invention, the disclosed sequences comprise also variations and changes which derive from the 
exactly specified sequences of Figure 5 by spontaneous or induced chemically or physically caused mutations, inser- 
tions, deletions and replacements of single amino acid or nucleotide residues, provided that the biological activity and 
properties of the final antibodies have not been essentially altered. 
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The term antl-idiotypic antibody also includes parts or fragments of such an antibody, for example, single chain Fv mol- 
ecules or F(ab)' 2 and Fab* molecules which are well known in the art (Skerra and PlOckthun, Science 1988. 240: 1038; 
Better et a!.. Science 1988. 240: 1041) Single-chain Fvs (wherein the V L and the V H chain are linked together) have 
been also described (e.g.: Bird et al. a Science 1988. 242: 423; Huston et al.. Proc. Natf. Acad Sci. USA 1988. 85: 
s 5879). 

The invention relates, moreover, to a process for the preparation of an anti-idiotypic antibody as defined in the spec- 
ification and in the claims, characterized in that an animal is immunized with a corresponding idiotypic (Ab1) antibody, 
which binds to the antigen directly by its CDR regions, the synthesized anti-idiotypic (Ab2) antibody, which binds to the v 
idiotypes of the Ab1 antibody, is separated and purified by convenient methods. Furthermore, it is an object of the iriven- 
10 tion to provide a pharmaceutical composition comprising an anti-idiotypic monoclonal antibody as defined in the spec- 
ification and, optionally, a pharmaceutically acceptable carrier. 

Finally, the invention relates to the use of said anti-idiotypic antibody for the manufacture of a drug directed against 
tumors. 

The present invention describes the obtention of three monoclonal anti-idiotypic antibodies (5A6, 3B6 and 15H8) that 
is recognize idiotypes overlapping with the antigen-binding site (paratope) of mAb 425. The serologic and immunologic 
studies have shown that 5A6 and 3B6 carry the internal image of the epitope recognized by mAb 425 inducing a 
humoral response in syngeneic (Baib/c mice) and allogeneic (B6D2F1 mice) system. True internal image Anti-Ids would 
act as antigen surrogates in animals of different species, however these Anti-Ids have been ineffective to generate Ab1- 
like response in rabbits and rats. 
20 The cloning and sequencing of their V regions has shown the existence of amino acid homologies between CDRs of 
both light and heavy chains and some EGFR residues located in the ligand binding domain, suggesting an antigen mim- 
icry. The study of antigenicity of homologous regions suggest a possible explanation for the lack of biological effect in 
heterogeneic system and supports a potential effectivity in human therapy. 

25 4. Brief Description of the Figures and Tables 

Fig.1 : Inhibition binding of 425 to sEGFR by 5A6. 3B6. 15H8 or unrelated mAbs Percentaje of inhibition is calcu- 
lated as described in material and methods using OD values from EUSA. 

FIg.2: Inhibition binding curves of murine (A) and humanized version (B) of 425 to EGFR expressing A431 Cells by 
30 5A6(«). 3B6 ( O). 1 5H8 (v) and murine IgGI(Sigma) (y). Results are expressed as OD mean of duplicate sam- 
ples, x-ordinate: competitor frig/ml), y-ordinate: OD. 

Flg.3: Competitive ELISA for Ab3-Ab2 binding. Serial dilutions of rat Ab3 sera were tested for binding to solid- 
phase coated Ab2 or unrelated mab15, previously incubated with 5A6 (•), 3B6(a) and 15H8(A). mAb15(v) and 
Normal Mouse sera (♦) were used as controls. A: rat Ab3 sera anti-5A6; B: rat Ab3 sera anti-3B6; C: rat Ab3 sera 
35 anti-1 5H8; D: rat control sera anti-mAbl 5; y-ordinate: OD, x-ordinate: serum dilutions x 1 0" 3 . 

F1g.4: Solid phase ELISA: Inhibition binding of Balb/c and B6D2F1 Ab3 from 5A6 and 3B6 immunized mice to puri- 
fied EGFR by Anti-Ids. 

Flg.5: Complete sequence of variable region (including leader sequence) of heavy and light chain of 15H8, 5A6 
and 3B6 mouse monoclonal antibodies. 

40 The nucleotide and amino acid sequences are shown. The leader sequence if annotated in bold, CDR sequences 
are in italic and the sequence of the primers used for the amplification of the variable regions are underlined. 
The heavy chain of 15H8, 5A6 and 3B6 have the characteristic structure of group III D. The light chain of 15H8 and 
5A6 have the characteristic structure of kappa group V, and 3B6 has the structure of kappa group 111, both accord- 
ing to Kabat classification. 

45 A: 1 5H8 heavy chain; B: 15H8 light chain 
C: 3B6 heavy chain; D: 3B6 light chain 
E: 5A6 heavy chain; F: 5A6 light chain 

Fig.6: Compared sequences of CDR2H, CDR3H and CDR2L of Ab2 and EGFR external domain. Identical amino 
acid are shown in closed boxes. Open boxes indicate similar amino acids. The potentially antigenic regions are 
so shown in shaded boxes. 

Table I. Affinity constants of 5A6, 3B6 and 1 5H8 for 425. Dissociation constants have been calculated by scatchard 
plots of binding of Ab2 to 425 from OD values obtained by ELISA performed as described in material and methods. 
Table II. Ab1-Ab2 inhibition binding by Ab3 and detection of cross reacting idiotypes on Ab2. Twofold dilutions of 
55 Ab3 sera from mice (A). rabbits(B) and rats (C) immunized by Anti-Ids or unrelated mAbs were tested for binding 
inhibition of their immunizing Ab2, the other Anti-Ids and murine isotype and allotype matched mAbs. Serum titres 
showing 1 00% inhibition are given. 

Table III. Anti-EGFR response in Balb/c mice determined by indirect immunofluorescence against EGFR positive 
(A431) or negative (C33A) unfixed cells, by ELISA against whole cells or purified external domain. 
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5. Detailed Description 

Biological Materials and General Methods 

5 Microorganisms, cell lines, plasmids, phagemids, promoters, resistance markers, replication origins or other frag- 
ments of vectors which are mentioned in this application are commercially or otherwise generally available. Provided 
that no other information in the application is given, they are used only as examples and are not essentia] according to 
the invention and can be replaced by other suitable tools and biological materials, respectively. 
The techniques which are essential according to the invention are described in detail in the specification. Other tech- 
• 10 niques which are not described in detail correspond to known standard methods which are well known to a person 
skilled in the art, or are described more in detail in the cited references and patent applications and in the standard lit- 
erature (e.g. Harlow, E.. and D.Lane. 1988. Antibodies, a laboratory manual. Cold Spring Harbor Laboratory, N.Y) 
Balb/c mice (IFFA CREDO), B6D2F1 hybrid strain from C57BL/6J and DBA/2J mice (IFFA CREDO), Wistar Rats (Inter- 
fauna Iberica) and New Zealand White Rabbits (Biocentre) were used for in vivo assays. 

is A431 is an epidermoid carcinoma (ATCC CRL1555) expressing EGFR. C33A (ATCC HTB31), a cervical carcinoma, is 
receptor negative. HL1 -Friendly Myeloma-653 (Ventrex, Bioventures group) was used as fusion partner for hybridoma 
obtention. All lines were cultured in RPM1 1640 Medium supplemented with 10% Fetal Caff Serum and 2mM glutamine. 
Anti-EGFR mAb 425 (Ab1) was generated according to Rodeck et al. 0.c). Several murine mAbs of unrelated specifi- 
cities were used as controls in the different assays: mab15 (lgG1 ,k). anti-gp85/45 of small cell lung carcinomas; R24, 

20 (IgGS.k), anti-GD3; 14F9 (lgG3,k), anti-GD3 and Me361 (lgG2a). anti-GD2 have been previously described (Kamma, 
H. et al.,1989, Cancer Res. 49(8): 51 18; Dippold, W.G. et a!., 1980. Proc. Natl. Acad. Sci. USA 77:61 14; Mass6, 0. et 
al.. 1991, Immunologia 10:36; Thurin, J. et al., 1987, Cancer Res. 47:1229). 

F111 (IgGl.k) was obtained by PEG-induced fusion between splenocytes from RNase immunized Balb/c mice and 
Friendly-Myeloma as described below. 

25 

Antl-425 Idiotype mAb obtention. 

Murine hybridomas have been generated using splenocytes from Balb/c mice immunized with mAb 425 and fused 

with 653-Friendly Myeloma cells. 
so Supernatants were tested by sandwich ELISA against mAb 425. 5A6, 3B6 and 15H8 hybridomas were obtained from 
two fusions that gave 2.8% and 10,5% specific efficiency respectively. After cloning three times by the limiting dilution 
method, they were found to be lgG1 ,k 
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5A6, 3B6 and 15H8 characterization. 

Crude supernatants or protein A purified samples were used for Ab2 characterization. The Anti-Id nature was con- 
firmed by their specific binding to mAb 425, when tested against a panel of non-related mAbs with different antigenic 
specificities. (F111. 361, 15 and 14F9). 

To define the localization of 425 idiotopes recognized by anti-Ids, they were tested for 425-EGFR inhibition binding by 
ELISA against sEGFR. All them completely inhibited its reactivity (Fig. 1), indicating that recognize idiotopes within the 
antigen binding site. 

To define 5Ab, 3Bs ana ismo /\nu-ias as hlxiu we ueieniiineu wncmci mo iuio^co '*>~a' « ~ 

with the CDRs or antigen-binding site. For these analysis comparative inhibition-binding curves were stablished with the 
murine (Fig.2A) and humanized (Fig.2B) version of 425 mAb by indirect ELISA using A431 cells. All three Anti-Ids can 
inhibit binding of both versions of 425, each Ab2 has similar inhibition-binding curves showing that the 425 idiotopes 
recognized by 5A6, 3B6 and 15H8 are directly implicated in antigen recognition. 15H8 was 10 times more effective to 
inhibit 425-A431 cells binding than 5A6 and 3B6. The Dissociation constant (KD) of Anti-Ids was calculated to deter- 
mine the degree of fit of Ab2 to 425 paratope. KD constant of each Ab2 is given in Table 1, 15H8 has more affinity with 
425 correlating with its higher capacity for inhibit EGFR-425 binding. These results also suggest that at least two differ- 
ent idiotopes on mAb425 are recognized by Anti-Ids. 
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Table I 



Ab2 


KD 


5A6 
3B6 
15H8 


1.002 10* 9 M 
1.25 10' 9 M 
0.3 10- 10 M 
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Syngeneic (Balb/c), allogeneic (B6D2F1) and xenogeneic ( rat, rabbit) Ab3 induction. 

5 The usefulness of this Ab2 as Id vaccines has been evaluated analyzing their immunogenicity. True internal image 

Ab2 should be able to induce Ab3 with Ab1-like specificity crossing the species barrier. Ab3 were generated in mice, 
rats and rabbits following immunizing protocols described above. Anti-anti-ld antibodies were detectable 2 weeks after 
the first dose and reached the maximum level 6-8 weeks after the first dose was given. Specific response against immu- 
nizing Ab2 was maintained for up to 12 months in rats and rabbits while it was transient in mice decreasing Ab3 trtre in 
10 the next months. All rabbits generated Anti-murine Igs; Ab3 sera titre against immunizing Ab2 was 5-10 times higher 
than those found against isotype ad allotype matched Igs, indicating that the immune response against the constant 
region of Ab2 does not disturb the immune response against V region. 

To determine an effective immunization against those Ab2 determinants which make contact with mAb 425 parat- 
ope (where the antigen-mimicking idiotopes should be located), an inhibition binding assay was performed in which the 
rs binding of 5A6, 3B6 or 15H8 Ab2 to mAb 425 was measured in presence of serial dilutions of Ab3 sera from animals 
immunized with Ab2 or unrelated murine mAbs. In Table II. the Ab3 sera dilution which produces 100% Ab2-Ab1 binding 
inhibition is given from Balb/c mice (A), rabbits (B) and rats (C). As shown in Table II A.B and C, all anti-5A6 Ab3 sera 
raised in the 3 species inhibited 5A6 and 3B6 mab-425 binding with the same efficiency, Anti-3B6 sera showed similar 
inhibition patterns suggesting that both anti-Ids may have shared idiotopes. Furthermore, some rat and murine Arri- 
ve 1 5H8 sera were found to inhibit 5A6 and 3B6 to 425 binding suggesting a partial idiotypic identity. Such reactivities were 
not detected in Anti-15H8 rabbit sera suggesting that Ab3 response in rabbits can be mainly directed against other 
more immunodominant idiotopes, this possibility is also supported by the finding of higher inhibiting titres in rabbit Ab3 
sera than those found in rats and mice. 

The antigenic identity between 5A6 and 3B6 was studied in a competitive ELISA, serial dilutions (10' 3 to 10' 5 ) of rabbit 
26 and rat Ab3 sera were tested for Ab2 binding in presence of an equal volume (1 mg/ml) of Ab2 or control mAbs. Inhibi- 
tion binding curves corresponding to rat Ab3 sera are shown in Fig3. 5A6 and 3B6 generate identical Ab3 repertoire in 
rats and rabbits: Artti-5A6 sera reacts equally well with 5A6 or 3B6 Ab2 coated on ELISA plates and are equally inhib- 
ited by both Ab2. Rabbit Ab3 sera had similar pattern of inhibition to those shown if f ig3. for rat sera. 

30 
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Table II 


A 




Balb/c Ab3 


Ab2-mAB 425 inhib 


ition Binding 




5A6 


3B6 


15H8 


5A6 


1/600 


1/600 






1/1200 


1/1200 


1/150 




1/300 


1/300 


- 




1/4800 


1/2400 


1/75 




1/4800 


1/4800 


1/150 


3B6 


1/6400 


1/6400 


m 




1/2400 




- 




1/4800 


1/4800 


- 




1/800 


1/800 






1/4800 


1/4800 




15H8 






1/9600 




* 




1/9600 








1/9600 








1/9600 




1/2400 


1/2400 


1/9600 


F111 


• 




• 


KLH 








Preinmune sera 
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Table II B 



Rabbit Ab3 


Ab2-mAb 425 inhibition binding 




5A6 


3B6 


15H8 


5A6 


1/3200 


1/3200 


m 




1/12800 


1/12800 


m 




1/6400 


1/12800 






1/12800 


1/6400 






1/12800 


1/12800 


m 


3B6 










1/6400 


1/6400 


- 




1/3200 


1/6400 






1/12800 


1/12800 


- 




1/12800 


1/12800 






1/12800 


1/12800 


- 


15H8 










- 


- 


1/12800 








1/12800 




- 


- 


1/1600 








1/3200 


mAb15 






N.D 


F111 








mAb425 








KLH 








Preinmune-sera 
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Table II C 





RatAb3 


Ab2-mAB 425 inhibition binding 


5 




5A6 


3B6 


15H8 




5A6 


1/2400 


1/4800 




10 




1/2400 


1/9400 




• 


3B6 


1/2560 


1/2560 


- 


15 




1/1280 


1/2560 






15H8 


1/160 


1/320 


1/2560 
1/1280 


20 


Fill 
MAB15 








25 


KLH 








30 


Preinmune-sera 
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Identification of Anti-EGFR Ab3 antibodies. 

Ant receptor antibodies were detected in Ab3 sera by direct immunofluorescence against A431 and C33A cells, 
and results are shown in Table III: 

__. ... _ ^ahie.!!!. _ ...... _ 
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50 



55 



Ab3 ( 



Anti-5A6 
Anti-3B6 
Anti-15H8 
Anti-mAb15 
Anti-R24 

KLH 
Preimmune 



Immunofluorescence 



A431 



7/14 
10/13 
4/12 
0/2 
0/3 
0/5 
0/20 



C33A 



a 



0/14 

0/13 

0/12 

0/2 

0/3 

0/5 

0/20 



A431 



ELISA 
siGR 5 " 



6/14 
6/13 
0/12 
0/2 
0/3 
0/5 
0/20 



5/15 
5/16 
0/11 
0/4 
0/3 
0/4 
NT 



^Detection with FITC rabbrtAnti-murine IgM+lgG. 
^Detection with FITC rabbit Anti-murine IgG 
c )positive animals/immunized animals. 
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Anti-Id vaccination in murine system induces the formation of Anti-EGFR antibodies, however no Anti-EGFR anti- 
bodies could be detected in Ab3 from rats and rabbits. The development of Anti-EGFR antibodies in B6D2F1 mice con- 
firms that Ab2 vaccination is not genetically restricted to murine Balb/c strain. Specific antfoodies reached titres 1/50- 
5 1/1600 when tested against sEGFR by ELISA. 

Ab3-EGFR Inhibition binding by 5A6, 3B6 and 15H8. 

These assays were performed to test if Anti-Ids mimick in a three-dimensional fashion the EGFR. Different dilutions 
io of Anti-EGFR Ab3 sera from Balb/c and B6D2F1 mice were mixed with AnbtHds and left react 4 hours room tempera- 
ture, then, they were tested for anti-receptor antibodies with sEGFR coated plates and the percentage of inhfoition cal- 
culated from OD values is shown in Fig.4. 5A6 and 3B6 gives 100% inhibition indicating that share the three- 
dimensional structure of the original antigen. 15H8 gave 15-35% inhibition of Anti-EGFR Ab3 from 5A6 or 3B6. 

It has been claimed that true internal image Anti-Ids can subtitute the immunogenic properties of antigen and 
is induce specific response in different species, this is not the case of 5A6 and 3B6 that fails to induce Anti-EGFR in rats 
and rabbits; the serologic assays performed suggest, however, that the anti-receptor antibodies detected in mice are 
induced by 5A6 and 3B6 idiotype determinants resembling EGFR. 

Primary structures of Ab2 and comparison of amino acid sequences with EGFR. 

20 

DNA sequencing has been performed to analyze the structural basis of their immunogenic properties. The VH and 
VL sequences of 5A6, 3B6 and 1 5H8 are displayed in Fig.5. The amino acid sequences of VH regions were classified 
into subgroup HID according to Kabat VL regions of 5A6 and 15H8 belong to kV group and 3B6 to kill according to 
Kabat CDR sequences were compared with amino acid sequences of human EGFR (GQHUE from SPIRS data bank), 
25 (Fig. 6) are shown in closed boxes the identic residues found and open boxes those which are equivalent Maximun 
homology was found between residues 77-84 from CDR2H and residues 125-129 from CDR3H and 70-76 from 5A6 
and 74-80 CDR2L, the highest homologous EGFR regions, amino acid 437-452 and 492-502 with CDR3H are located 
in the hypothetical ligand-binding domains of receptor protein described by A. Ullrich et al. (30). 15H8 shares identical 
CDR2H sequence but has different CDR3H and CDR2L sequences. To analyze which role plays each homologous 
30 CDR in the formation of internal image of EGFR, we have compared 5A6 and 3B6 sequences with known VH and VL 
regions compiled by Kabat. Some of the VH chains according to the invention are found to be highly homologous to 5A6 
and 3B6, they show similar CDR1 H and CDR2H, suggesting that CDR3H sequences play the main role in 425-paratope 
recognition and EGFR mimicry. It was found that there are 63 Igs (mainly from murine of human origin) with CDR3H 
regions partially homologous (50-87%) to CDR3H from 5A6 and 3B6. Homologous amino acid appear accumulated at 
35 residues 100H-102 while less homologous amino acid have been found along GYVG segment where the maximum 
homology with EGFR has been found. No antibody from murine or human origin has been found to posses the residue 
V at position 1 00D which is exclusive of 5A6, 3B6. VL 5A6 and 3B6 show homologies with murine Kappa chains, com- 
pletely different VL chain sequences have the same specificity The role of CDR2L seems to be not related to a strict 
amino acid identity. 5A6, 3B6 have different sequences constructing an identical EGFR internal image structure, how- 
40 ever amino acid homologies with EGFR appear accumulated in this region. 

To evaluate its immunological effect as Id vaccines, we have analyzed the accessibility and antigenic properties of 
CDR2H, CDR3H and CDR2L regions. The antigenic index (a measure of antigenic probability) was calculated from 
ANTIGENIC program, the secondary structure was defined by DSSP program in order to determine the accessibility of 
the homologous sequences found. 
45 Secondary and primary structure analysis reveals that these homologous residues are accessible and also coincide 
with regions showing positive antigenic index, therefore they can be directly implicated in the anti-internal image 
response. VL5A6 and VL3B6 chains present 7 non-identical antigenic regions and 11024 and 11603 angstroms of 
accessible surface protein respectively, able to constitute antigenic idiotopes, however both antibodies generate identi- 
cal Ab3 response in mice, rabbits and rats. These results suggest that the Anti-Anti-Id response found in this system is 
so exclusively directed to Id defined by VH chains of 5A6 and 3B6. 

As the immunological and structural analysis of 5A6 and 3B6 Anti-Ids shows that they are the internal image of EGFR 
external domain, we have analyzed why fails to induce response in a second specie. The positive antigenic GYV- 
GYAIDY CDR3H region carrying the EGFR equivalent GYVGY segments, were compared with CDR3H sequences 
from murine, rat and rabbit antibodies. A large group of murine antibodies have the sequence YAIDY, so among the pre- 
ss dieted antigenic region on CDR3H, the residues GYVG are expected to define a private idiotope immunogenic in mice. 
No rabbit Ig has found to posses YAIDY sequence, being possible that rabbit Anti-Anti-Id response is directed against 
other idiotopes defined by larger antigenic regions, spoiling the anti-internal image response. 

In summary, the present invention discloses the following: 
In the active immunotherapy of cancer different aproaches have been used. Anti -idiotypic antibodies mimicking the 
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immunological effect of tumor markers have been applied in cancer patients to obtain an specific anti-tumor response 

regulated by Id-Anti-Id interactions. 

Anti-Id mAbs directed against mAb 425 have been obtained to develop specific vaccines for EGFR. Three antibodies 
(5A6, 3B6 and 15H8) have been selected recognizing combining-site associated idiotopes on mAb425 defined by their 

5 CDR sequences as demonstrated by inhibition binding of humanized version of 425 mAb to EGFR. 

" immunological and serological assays have shown that 5A6 and 3B6 act as internal images inducing an specific 
humoral response in mice. AbMike antibodies from Ab3 sera binds to membrane-bound EGFR on A431 cells and 
reacts against sEGFR. The reaction is completely inhibited by both 5A6 and 3B6 Ab2 (independent of the Anti-Id used 
for the immunization), suggesting that 5A6 and 3B6 carry the same internal image of EGFR. Immunological data sug- 

m qest partial idiotypic sharing with the internal image idiotype of 5A6 and 3B6 and 425 paratope-related Id from 15H8. 
serologic assays have shown partial inhibition binding of Anti-5A6 and Anti-3B6 murine Ab3 to Ab2 or EGFR in the 
presence of 1 5H8 Immunological studies have revealed the lack of biological effect: IgM antibodies (reacting with A431 
cells but failing to recognize sEGFR) have been induced, however they are not inhibited by 15H8. These results suggest 
that unspecific clones have been activated during the immunization protocols. 

1S The investigation of structural correlation between Id and antigen have been performed to know what structures in the 
Anti-Ids are implicated in the generation of Anti-EGFR response. 

After sequencing 5A6 3B6 and 15H8 and compare amino acid homologies with the EGFR, we have found a set of 
homologous and equivalent amino acid in the antigenic ad accesible regions of CDR2H, CDR3H ad CDR2L These 
data are in agreement with several reports demostrating the presence of homologous sequences in the CDRs (or adja- 
o 0 cent regions) from VL and VH chains that participate in the structural formation of internal image bearing idiotypes (31 - 
33) The finding that different sequences in 5A6 and 3B6, constructs two antibodies with identical immunological effect, 
has allowed us to analize the role of CDRs and framework regions in the induction of Ab3 response ad in the confor- 
mation of internal image of EGFR. 

CDR2U CDR2H and CDR3H from 5A6 and 3B6 are probably implicated in the construction of the internal image 
25 because maximum homologies and equivalent amino acid have been found with EGFR external domain in this regions. 
A three-dimensional mimicry seems play a main role as deduced by the following findings 

a) CDR2L from 5A6 and 3B6 are different, but give rise identical Anti-EGFR. response. 

b) Homologous residues from CDR2H have been found in non-related antibodies, so their participation in the inter- 
so nal image structure is not dependent of an exclusive linear identity. _ 

c) The affinities found between CDRs and residues 148-154, 437-452 and 492-502 from EGFR are mainly based 
on equivalent amino acid, d) Equivalent amino acid accumulate in those CDRs but not in other regions. 

The idiotypic analysis of several families of antibodies (Anti-PC, Anti-dextran, Anti-galactan, Anti-NIP antibodies) 

35 compiled by Davie et al (34) have shown that in an antigen driven system, the expression of Ids involve a minimun of 
amino acid from CDR2H, CDR3H and a pairing with specific L chains. Our immunologic and sequencing data suggest 
that we have generated a Ab1-Ab2-Ab3 Id. cascade restricted to a limited set of idiotypic regions defined by 425-parat- 
ope and Ab2-paratope. The most important feature has been to obtain two Ab2s, 5A6 and 3B6 showing identic immu- 
nologic properties (and thus idiotypic determinants) originated from identical VH chains paired to different VL chains. 

40 The biological effectiveness of Anti-Id antibodies correlates with their affinity with the idiotypic repertoire in the receptor 
SDecie. The analysis of residues implicated in the formation of 5A6 and 3B6 internal image structure have shown them 

included in a larger antigenic region iresiaues iwr- iui hi n en^ry fauna w MniaiMw^ ~ 

(from NBRF protein Database) but not in rabbits. Thus internal image structure determines an idiotype "seen" by the 
murine immune system but masked in a larger idiotypic region when administered in rabbits. This hypotesis is also sup- 

45 ported by the immunological results: Anti-5A6 and Anti-3B6 paratope-related Ab3 sera trtres are higher in rabbits than 
in mica Homologous 100F-101 residues have been also found to present in human antibodies (from NBRF Database), 
providing a teorethical basis for the effectMty of internal image 5A6 and 3B6 in human system. 
The effectiveness of internal image antiidiotypic antibodies as vaccines has been demonstrated in various animal mod- 
els and in clinical trials. The obtention of anti-Ids recognizing Anti-EGF antibodies have been recently reported by Sua- 

so rez (Suarez, E. et al., 1 993, Immunologia 12:122), who obtained 4 non-internal image mAbs. 

5A6 and 3B6 are the first Internal image Anti-Id mAbs reported mimicking the External Domain of human EGFR The 
biological characteristics of mAb 425, determines that 5A6 and 3B6 mimickthe ligand-binding site of EGFR. 

Serological studies, biological effect in animal models, and structural analysis suggest their potential value in 
human vaccination 



55 



6. Therapeutic and diagnostic use 

The antibodies according to the invention can be administered to human patients for therapy/Therefore, it is an 
object of the invention to provide a pharmaceutical formulation comprising as active ingredient at least one antibody or 
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antibody fragment as defined above and in the claims, associated with one or more pharmaceutically acceptable car- 
rier, excipient or diluent therefore. 

Typically the antibodies of this invention will be injected intravenously or parenterally. Generally, the dosage ranges for 
the administration of the antibodies fragments are large enough to produce the desired tumor suppressing and tumor 
lysing effect The dosage will depend on age, condition, sex and extent of the disease in the patient and can vary from 
0.1 mg/kg to 200 mg/kg. preferably from 0.1 mg/kg to 1 00 mg/kp/dose in one or more doses administered daily, for one 
or several days. 

Preparations for parenteral administration includes sterile aqueous or non-aqueous solutions, suspensions, and emul- 
sions. Examples of non-aqueous solvents are propylene glycol, polyethylene glycol, vegetable oils such as dive oils, 
and injectable organic esters such as ethyl oleate and other solvents known in the art which are suitable for these pur- 
poses. The antibodies of this invention can be used in a composition comprising a physiologically acceptable carrier. 
Examples of such suitable carriers are saline, PBS, Ringer's solution, or lactated Ringer's solution. Preservatives and 
other additives such as antibiotics, antioxidants, and chelating agents may also be present in the pharmaceutical for- 
mulations. 

The antibody (or, optionally, the antibody fragment) can also be conjugated according to known methods to cytokines 
such as IL-2 in order to support their cytotoxicity. 

The pharmaceutical formulations of the present invention are suitable for the treatment of all kinds of tumors, 
including melanomas, gliomas and carcinomas, as well as tumors of the circulating system and solid tumors. For diag- 
nostic purposes the antibody can be conjugated, for example, to a radio-opaque dye or can be radiolabelled. A pre- 
ferred labelling method is the lodogen method. Preferably the antibody will be administered as FCab'fe or scFv 
fragments for diagnostic purposes. This provides superior results so that backround substraction is unnecessary. 

Examples: 

Example (1) Humanized mAb 425. 

The Humanization of mAb 425 has been previously described (Kettleborough.C. A et al., 1991 , Protein Eng. 4:773). 
The reshaped form of mAb425 contains the murine CDRs grafted in human variable regions keeping the antigen bind- 
ing site structure. It has been used to define more precisely the localization of 425 idiotypes recognized by the Ab2. 

Example (2) Production of Anti-idiotypic mAbs to Anti-EGFR 425 mAb. 

Balb/c mice were primed with i.p. injection of 75 mg. of purified 425 mAb coupled to KLH (Sigma), polymerized with 
glutaraldehide and mixed with CFA (Difco). Animals were boosted at days 7, 14, 21 , 28 and 38 with the same immuno- 
gen emulsified with I FA Fusion was done 3 days after the last boost 

Spleen cells from immunized mice where fused with HL1 -Friendly Myeloma-653 using 1450 polyethylenglycol (Boe- 
hringer Mannheim), following a protocol previously described (Carceller, A.,1 988,. Sangre 33(3):220). Fused cells were 
grown in 39% RPMI 1640, 39% Hybridoma Medium (Gibco), 20% Fetal Calf Serum and 2% HAT. Positive hybrids were 
cloned three times by limiting dilution. 

Example (3) Detection and analysis of Ab2 activity. 

Anti-idiotypic antibodies were detected by sandwich ELISA with polystyrene microtiter plates (Nunc, Maxisorb) 
coated with 1 mg.Ani.of purified 425 mAb. 

Plates were blocked by 2% BSA-PBS and crude super natarrts or diluted sera in 0,2% BSA-PBS were incubated over- 
night at 4°. After washing with PBS-0.05% Tween 20, biotinylated mAb 425, prepared by the method of Harlow and 
Lane (I.e.), was added for 1 h. 37°, plates were washed three times and HRPO-streptavidin (Dako) diluted 1/1000 in 
2%BSA-PBS was added. 3-3-5-5 tetramethyl benzidine (Sigma) solution was used as substrate. OD was measured at 
450nm. 

Example (4) Dissociation Constant (KD) of 5A6, 3B6 and 15H8 Ab2 mAbs. 

This determination was done according to the method of Friguet (Friguet,B. et al., 1985, J.lmmunol.Methods 
77:305). briefly: serial dilutions of mAb425 (2.10" 8 M to 2.10" 11 M) were incubated with fixed concentrations of Ab2 until 
equilibrium was reached. The concentration of free Ab2 was measured by indirect ELISA using microtiter plates coated 
with 1mg./ml. of mAb 425 and HRPO-Rabbit Anti-murine lgG1 (Zymed). 
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Example (5) Purified human EGFR external domain (sEGFR). 

The purification of exiernal domain of human EGFR and the immunoaffinity chromatography from EGFR secreted 
by AW SsS been previously reported (Weber.W. et a... 1984. J.Biol.Chem. 259 (23):H631). it was used to con- 
s firm the specificity of Ab3 by indirect and competitive assays. 

Example (6) Assays for localization of idiotypes recognized in 425 mAb. 

To localize 425 idiotypes defined by 5A6. 3B6 and 1 5H8. they were tested for their ability toinhtoit 425j:GFR bind- 
10 ino ThisJiaLis was fet performed with purified sEGFR Crude supernatants and 50mg./mt. of punhed Ab2 were 
ZedtiTSTmr^. After 4h. location at 37'C 425 activity was tested by EL.SA using mrcrotiter plates 

W SSSStiS^m PBS-1% BSA and AP-rabb« Anti-mouse Igs (Dako) was added. 3 3.5.5. tetrame- 
thilbenzidine was used as substrate and OD at 405nm. was recorded in a Titertek Multiscan plate reader. 

,5 These analysis were complemented by comparing their inhibition binding curves of munne ^ reshaped 425. 100 
ngyml. of nwine or reshaped 425 were mixed with equal volumes of increase ^^^^^.^ 
curified5A6 3B6 15H8Ab2s or unrelated murine lgG1 antibodies. Remaining activity was tested by indirect CellEUSA 
aSnS A431 cSs piously fixed in microtHer plate <5.10» / well) with 0.1% glutardaldehyde. After 601ncubat.on at 
S? lete were wash* 13 times with PBS-1%BSA-0.05% Tween 20. HRPO-Goat-Anti murine lgG2a (Dranova) and 

2 o WC^ZZZ IgG was used respectively to detect bound Ab1 . orthophenyldiamide (Sigma) was used as 

substrate. 

Example (7) Ab3 generation In syngeneic ( Balb/c mice), allogeneic (F6D2F1 mice) and xenogeneic ( Wistar rat 
and NZW rabbits) system and Ab3 detection. 

25 Purified Ab2s were coupled to KW (Calbiochem) by glutaraldehyde (Sigma) and emulsified with CFAorlFAAni- 
mals were adrrinistered at days 0. 15. 30 and 60. In some assays^ddrHona. 

later to study the stability of Ab3 response. Animals received at each dose 75mg (mce) 150mg (rats) and 30Clmg , (rab 
bits) of total Ig by intraperitoneal inoculation (mice) or subcutaneously at drtferent srtes (rats and rabbrts). Control 

30 groups received same doses of irrelevant KLH-coupled murine Igs or KLH alone. 

Bloob samples were collected at day 0 and 1 week after each boost. Serial serum dilutions On F«W9K dry milk) 
were addei to microliter plates coated previously with 1mg/mi. of Ab2 or other manne Igs. Bo ^ an ^^S 
ducted with biotinylated Ab2 On marine Ab3 sera). HRPO Rabbit-Anti Rat Igs (Dako) depnved 1c* cross^eactmty 
aM^Ze igs and HRPO Swine Anti-Rabbit Igs (Dako). Anti-isotypic and allotypic antibodies dareloped in rate and 

ss £? wTe!S with extenave adsorption of 1/50-1/1 00 diluted sera samples with marine lgG1 after incubation 
overnight at 4". 

Example (8) Ab2-Ab1 Inhibition binding by Ab3 sera. 

40 This assay was done to detect antibodies reacting with those Ab2 sites that make contact with mAb ^-paratope. 
RrirfL 8 i6n Q /mlourified5A6 3B6 1 5H8 and F1 11 were mixed with serial dilutions of Ab3 contairang sera, after over- 
Bnef ly, 8-15 ng./mi purnieo omd. jpq. j q ° « J ...^. J> .,^.^.i = ,jeis. a » 9 ^ji^/mi.nf.^5.co8ted.on.D0lystt 

~~ night incubation at 4°C, remaining mo: aciiviiywaaucioi,icuu,u..<=v,.. — s ■■„— 

rene plates. Bound Ab2 was detected with PA-Rabbit Anti-mouse lgG1 (Zymed). 

as Example (9) Determination of Ab2 Idiotypic identity by mutual competition for Ab3 binding. 

To determine idiotypic identity between each anti-id antibody, Ab2 were tested for binding inhibition of Ab3 sera to 
Ab2-coated plalesSeriaJ dilutions of rat Ab3 sera (1 0" 3 to 1 0" 5 ) were tested for Ab2 binding «n presence of an equal vol- 
ume (1 mg7ml.) of Ab2 or control mAbs previously incubated overnight at 4". 

so 

Example (10) Detection of Antl-EGFR antibodies within Ab3 response. 

Murine rat and rabbit Ab3 sera was tested for Abl-like activity using CellELISA against A431 cells as described 
beforaa by €>Z EUSA wtth sEGFR (2.5mg7mt). HRPO RabbH Anti-mouse Igs (Dako). Rabbit Anti-Rat Igs (Dako) 
55 and Swine Ami-Rabbit Igs (Dako) were used respectively as second antibody. Anti-receptor antibodies were also tested 
by direct immunofluorescence assay using unfixed, live A431 cells, cultured in Terasak. plates. 
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Example (11) EGFR-A53 inhibition binding by 5A6, 3B6 and 15H8 Anti-Ids. 

Sharing determinants between receptor and Anti-Ids were tested by competitive assay. 120-240 mg./ml. of 5A6, 
3B6, 15H8 or unrelated lgG1 were incubated overnight at 4°C with 1/25-1/150 dilutions of Ab3 Artti-EGFR sera and 
tested for Anti-receptor activity by ELISA, CellELISA and direct immunof luorescerrt assays. The percentage of inhibition 
was calculated as follows: 

of inhiw+ion 1 / OP with Ab2 - OP background x - nn 
% Inhibition = 1 - ( OD ^out Ab2 - OD background* 

Example (12) RNA and cDNA preparation. 

Total RNA was isolated from 5A6, 3B6 and 15H8 hybrkJoma cell lines. 
PBS-washed ceils were suspended in guanidinium thiocyanate solution and the RNA was isolated using a cesium chlo- 
ride gradient ultracentrifugation method from Chirgwin (Chirgwin et a!., 1979, Biochemistry 18, 5294). 
First-stranded cDNA was synthesized using a Pharmacia kit The synthesis was done in 15 jjJ with 5 jig of RNA, daring 
one hour at 37°C. First strand cDNA was used directly form amplification without previous cloning. 

Example (13) PCR amplification. 

A set of PCR primers were used to amplify copies of the mouse light chain variable regions and mouse heavy chain 
variable regions. The 5* primers, were designed to hybridize to the leader sequence. Primers were a mature of 61 oli- 
gonucleotides, for the heavy chain variable domain, and 405 oligonucleotides, for the kappa chain variable domain. 3' 
primers were designed to anneal to the constant region. A specific lgG1 and kappa mouse primers were used. 
For amplification, with a thermostable DNA polymerase, 25pl reaction mixture containing: 1 pi of the cDNA-RNA hybrid, 
250 nM of the appropriate 5' and 3' primers mixture, 200mM of each dNTP, 1 mM MgCfe (for the light chain), 2mM MgCfe 
(for the heavy chain), and 1 U of Taq polymerase (Cetus), was overlaid with mineral oil and subjected to a touchdown 
starting with a 60° C until 55°C of annealing temperature. One tenth of the PCR reaction was run on a 1% agarose TAE 
gel electrophoresis and ethidium bromide-stained to visualize the resulting PCR products. 

Example (14) Molecular cloning and sequencing. 

1 |xi of each PCR-product was ligated into TA vector (Invitrogen, San Diego). The DNA ligation reactions, for VH and 
VL chain regions of each Ab2, were transformed by a Heat-Shock into competent TG1 E.coli cells. This created six 
DNA libraries, one from light variable regions and the others from heavy variable regions of each mAb. Colonies were 
selected on LB plates with 100p.g/ml carbenicilin and some were toothepicked for further analysis. Positive colonies 
were detected by PCR screening or using plasmid digestion as described by Gussow (Gussow, D., Clackson T., 1989 
T; Nucleic Acids Res.. 17: 4000). Double-stranded piasrrtdic DNA was prepared (Wizard preps, Promega Corp.) for 
sequencing from transformartts. 

Dideoxy-nucleotide chain termination, following the methodology from Sanger et al. (Sanger, F. et al., 1977, Proc. 
NatAcad. Sci. USA 74: 5463) was carried out using Taq polimerase. Primers used in the sequencing reactions 
annealed in TA vector. 

Example (15) Computer analysis and sequence comparison. 

The software program DSSP (Sybil) was used to calculate the secondary structure of Ab2 and their accessible res- 
idues. ANTIGENIC was used to predict the antigenic regions using the method of Kblaskar and Tongaonkar (Kblas- 
kar.AS. et al.,1990, FEBS-Lett 276( 1 -2): 1 72). Ab2 and EGFR homologies were defined by BESTFIT program using 
Gencore disk for symbol comparison table. Compared human EGFR sequence was those reported earlier (Ullrich et 
al., 1984, Nature 309:418). Ab2 were compared with other known Igs using the Protein Identification Resource (PIR) 
data bank compiled by National Biomedical Research Fundation (NBRF) and PROSIS program. 

Claims 

1. Monoclonal anti-idiotypic antibody inducing an immune response against epidermal growth factor receptor 
(EGFR). 

2. Monoclonal antibody according to claim 1 characterized that it is an Ab2. 
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3. Monoclonal anti-idiotypic antibody according to claim 1 or 2 mimicking the internal image of EGFR antigen recog- 
nized by a corresponding marine, humanized or chimeric, monoclonal Ab1 idiotypic antibody. 

4. Monoclonal antibody of daim 3 characterized in that the idiotypic antibody is or derives from marine mAb 425 
(ATCC HB 9629). 

5. Monoclonal anti-idiotypic antibody according to claim 1 to 3 obtainable by immunisation an animal with a corre- 
sponding murine, humanized or chimeric, idiotypic antibody. 

6. Monoclonal antibody according to claims 1 - 5 wherein the CDR regions and the FR regions of said antibody com- 
prise an amino acid sequence of Figure 5A-F. 

7. Monoclonal antibody according to claims 1 - 5 comprising a nucleotide sequence of Fig. 5A-F coding for the CDR 
and FR regions of said antibody. 

8 Process for the preparation of an anti-idiotypic antibody as defined in one of the claims 1 to 6. characterized in that 
" an animal is immunized with a conesponding idotypic antibody, which binds to the idiotyp.c ^end^ybyds 
CDR regions, the synthesized anti-idiotypic antibody, which binds to the idiotypes of the parent antibody, .s sepa- 
rated and purified by convenient methods. 

9. Pharmaceutical composition comprising an anti-idiotypic monoclonal antibody as defined in one of the claims 1 to 
6 and, optionally, a pharmaceutically acceptable carrier. 

1 0. Use of an anti-idiotypic antibody as defined in one of the claims 1 to 6 for the manufacture of a drug directed against 



tumors. 
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Leader 

ATG GAC TCC AGG CTC AAT TTA GTT TTC CTT GTC CTT GTT TTG AAA GGT 
Met Asp Ser Arg Leu Asn Leu Val Phe Leu Val Leu Val Leu Lys Gly 

FR1 

GTC CAG TGT GAA GTG CAA CTG GTG GAG TCT GGG GGA GGC TTA GTG AAG 
Val Gin Lys GIu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys 

CCT GGA GGG TCC CTG AAA CTC TCC TGT GCA GCC TCT GGA TTC ACT TTC 
Pro Gly Gly Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe 

CDR1 FR2 
AGT GAC TATTAC ATG TATTGG TTT CGC CAG CAT CCG GGA AAG AGG CTG 
Ser Asp Tyr Tyr Met Tyr Trp Phe Arg Gin His Pro Gly Lys Arg Leu 

CDR2 

GAG TGG GTC GCA ACC ATT AGT GAT GCT GGT ACT TAC ACC TAC TAT CCA 
Glu Trp Val Ala Thr lie Ser Asp Ala Gly Thr Tyr Thr Tyr Tyr Pro 

FR3 

GAC AGT CTG AAG GGG CGA TTC ACC ATC TCC AGA GAC AAT GCC AAG AAC 
Asp Ser Leu Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn 

AAC CTG TAC CTC CAA ATG AGC AGT CTG AAG TCT GAG GAC ACA GCC ATG 
Asn Leu Tyr Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met 

CDR3 

TAT TTC TGT GCA AGA GAC GGG GCA GCTCGG ACT TCG TCC CAG GTT TAT 
Tyr Phe Cys Ala Arg Asp Gly Ala Ala Arg Thr Ser Ser Gin Val Tyr 

FR4 

TAC TAT GGT ATG GAC TAC TGG GGT CAA GGA ACC TCA GTC ACC GTC TCC 
Tyr Tyr Gly Met Asp Tyr Trp Gly Gin Gly Thr Ser Val Thr Val Ser 

Mouse constant lgG1 
TCA GCC AAA ACG ACA CCC CCA TCT GTC TAT CCA TTC CCG GGT TCC 
Ser Ala Lys Thr Thr Pro Pro Ser Val Tyr Pro Phe Pro Gly Ser 



FIG.5A 
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Leader 

ATG GGC TTC AAG ATG GAG TCA CAT ATT CAG G TC TTT GTA TTC GTG TTG 
Met Gly Phe Lys Met GIu Ser His lie Gin Val Phe Val Phe Val Leu 

FR1 

CTC TGG TTG TCT GGT GTT GAT GGA GAC ATT GTG ATG ACC CAG TCT CAA 
Leu Trp Leu Ser Gly Val Asp Gly Asp He Val Met Thr Gin Ser Gin 

CDR1 

AAA TTC ATG TCC ACA TCA GTA GGA GAC AGG GTC AGC ATC ACC TGC AAG 
Lys Phe Met Ser Thr Ser Val Gly Asp Arg Val Ser He Thr Cys Lys 

FR2 

GCC AGT CAG AATGTT CGTACT GCT GTA GCC TGG TAT CAA CAG AAA CCA 
Ala Ser Gin Asn Val Arg Thr Ala Val Ala Trp Tyr Gin Gin Lys Pro 

CDR2 

GGG CAG TCT CCT AAA GCA CTG ATT TAC TTG GCA TCC AAC CGG CAC ACT 
Gly Gin Ser Pro Lys Ala Leu lie Tyr Leu A/a Ser Asn Arg His Thr 

FR 3 

GGA GTC CCT GAT CGC TTC ACA GGC AGT GGA TCT GGG ACA GAT TTC ACT 
Gly Val Pro Asp Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr 



CTC ACC ATT AGC AAT GTG CAA TCT GAA GAC CTG GCA GAT TAT TTC TGT 
Leu Thr lie Ser Asn Val Gin Ser GIu Asp Leu Ala Asp Tyr Phe Cys 

CDR3 FR4 

CTG CAA CAT TGG AAT TAT CCT CTC ACG TTC GGC TCG GGG ACA AAG TTG 
Leu Gin His Trp Asn Tyr Pro Leu Thr Phe Gly Ser Gly Thr Lys Leu 

Mouse constant kappa 

GAA ATA AAA CGG GCT GAT GCT G'CA C'CA ACTGTA TC'CATC'TTC'CCA CCA 
GIu lie Lys Arg Ala Asp Ala Ala Pro Thr Val Ser lie Phe Pro Pro 

TCC ACC CGG 
Ser Thr Arg 
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Leader 

ATG GAC TCC AGG CTC AAT TTA GTT TTC CTT GTC CTT GTT TTA AAA GGT 
Met Asp Ser Arg Leu Asn Leu Val Phe LeuVal Leu Val Leu Lys G!y 

FR1 

GTC CTG TGT GAC GTG AAG CTC GTG GAG TCT GGG GGA GGC TTA GTG AAG 
Val Leu Cys Asp Val Lys Leu Vai Glu Ser Gly Gly Gly Leu Val Lys 

CTT GGA GGG TCC CTG AAA CTC TCC TGT GCA GCC TCT GGA TTC ACT TTC 
Leu Gly Gly Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe 

CDR 1 FR2 
AGT AAC TAT TACATG TCTTGG GTT CGC CAG ACT CCA GAG AAG AGG CTG 
Ser Asn Tyr Tyr Met Ser Trp Val Arg Gin Thr Pro Glu Lys Arg Leu 

CDR 2 

GAG TTT GTC GCA GCC ATT AAT AGT AAT GGT GGT AGC ACC TAC TAT CCA 
Glu Phe Val Ala A/a lie Asn Ser Asn Gly Gly Ser Thr Tyr Tyr Pro 

FR3 

GAC ACT GTG AAG GGC CGA TTC ACC ATC TCC AGA GAC AAT GCC AAG AAC 
Asp Thr Val Lys Gly Arg Phe Thr He Ser Arg Asp Asn Ala Lys Asn 

ACC CTG TAC CTG CAA ATG AGC AGT CTG AAG TCT GAG GAC ACA GCC TTG 
Thr Leu Tyr Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Leu 

CDR 3 

TAT TAC TGT GCA AGA CAT CGG GGG AGG GAC AGC TCG GGC TAC GTA GGG 
Tyr Tyr Cys Ala Arg Has Arg Gly Arg Asp Ser Ser Gly Tyr Val Gly 

FR4 

TAT TCT ATA GAC TAC TGG GGT CAA GGA ACC TCA GTC ACC GTC TCC TCA 
Tyr Ala lie Asp Tyr Trp Gly Gin Gly Thr Ser Val Thr Val Ser Ser 

mouse constant lgG1 

GCC AAA ACG ACA CCC CCA TCT GTC TAT CCA TTC CCG GGT TCC 
Ala Lys Thr Thr Pro Pro Ser Val Tyr Pro Phe Pro Gly Ser 
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Leader 

ATG GAG TCA GAC ACA CTC CTG CTA TGG GT A CTG CTG CTC TGG GTT CCA 
Met Glu Ser Asp Thr Leu Leu Leu Tip Val Leu Leu Leu Trp Val Pro 

FR1 

GGT TCC ACT GGT GAC ATT GTG CTG ACA CAG TCT CCT GCT TCC TTA GCT 
Gly Ser Thr Gly Asp lie Val Leu Thr Gin Ser Pro Ala Ser Leu Ala 

CDR1 

GTA TCT CTG GGG CAG AGG GCC ACC ATC TCA TAC AGG GCC AGC AAA AGT 
Val Ser Leu Gly Gin Arg Ala Thr He Ser Tyr Arg Ala Ser Lys Ser 

FR2 

GTCAGTACA TCTGGC TAT AGT TAT ATG CAC TGG AAC CAA CAG AAA CCA 
Val Ser Thr Ser Gly Tyr Ser Tyr Met His Trp Asn Gin Gin Lys Pro 

CDR2 

GGA CAG CCA CCC AGA CTC CTC ATC TAT CTTGTA TCC AAC CTA GAA TCT 
Gly Gin Pro Pro Arg Leu Leu lie Tyr Leu Val Ser Asn Leu Glu Ser 

FR3 

GGG GTC CCT GCC AGG TTC AGT GGC AGT GGG TCT GGG ACA GAT TTC ACC 
Gly Val Pro Ala Arg PheSer Gly Ser Gly Ser Gly Thr Asp PheThr 

CTC AAC ATC CAT CCT GTG GAG GAG GAG GAT GCC TCA ACC TAT TAC TGT 
Leu Asn He His Pro Va! Glu Glu Glu Asp Ala Ser Thr Tyr Tyr Cys 

CDR3 FR4 

CAG CAC ATT AGG GAG GTC TAC ACQ TTC GGA GGG GGG ACC AAG CTG GAA 
Gin His lie Arg Glu Val Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu 

Mouse constant kappa 
ATA AAA CGG GCT GAT GCT GCA CCA ACT GTA TCC ATC TTC CCA CCA TCC 

.11-. A .A.*.**, A.l#», „ A l*v ^D^^TT^' Q^r Ho. DKa„DrA^_ _ C <*>»*_ 

lie? C/o my /-via r-\*3j«* /-wa r-w» i i w 1 1 n » Cu wGi uw » • «w i i w i iv» wwi 

ACC CGG 
Thr Arg 
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Leader 

ATG GAC TTT GGG CTC AGC TTG ATT TT C CTT GTC CTT GTT TTT AAA GGT 
Met Asp Phe Gly Leu Ser Leu lie Phe Leu Val Leu Val Phe Lys Gly 

FR1 

GTC CTG TGT GAC GTG AAG CTC GTG GAG TCT GGG GGA GGC TTA GTG AAG 
Val Leu Cys Asp Val Lys Leu Val Glu Ser Gly Gly Gly Leu Val Lys 

CTT GGA GGG TCC CTG AAA CTA TCC TGT GCA GCC TCT GGA TTC ACT TTC 
Leu Gly Gly Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe 

CDR1 FR2 
AGT AAC TAT TAC ATG TCTTGG GTT CGC CAG ACT CCA GAG AAG AGG CTG 
Ser Asn Tyr Tyr Met Ser Trp Val Arg Gin Thr Pro Glu Lys Arg Leu 

CDR2 

GAG TTT GTC GCA GCC ATT AAT AGT AAT GGT GGT AGC ACC TAC TAT CCA 
Glu Phe Val Ala Ala He Asn Ser Asn Gly Gly Ser Thr Tyr Tyr Pro 

FR3 

GAC ACT GTG AAG GGC CGA TTC ACC ATC TCC AGA GAC AAT GCC AAG AAC 
Asp Thr Val Lys Gly Arg Phe Thr lie Ser Arg Asp Asn Ala Lys Asn 

ACC CTG TAC CTG CAA ATG AGC AGT CTG AAG TCT GAG GAC ACA GCC TTG 
Thr Leu Tyr Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Leu 

CDR3 

TAT TAC TGT GCA AGA CAT CGG GGG AGG GAC AGC TCG GGC TAC GTA GGG 
Tyr Tyr Cys Ala Arg His Arg Gly Arg Asp Ser Ser Gly Tyr Val Gly 

FR4 

TATGCTATA GAC TAC TGG GGT CAA GGA ACC TCA GTC ACC GTC TCC TCA 
Tyr Ala He Asp Tyr Trp Gly Gin Gly Thr Ser Val Thr Val Ser Ser 

mouse constant lgG1 

GCC AAA ACG ACA CCC CCA TCT GTC TAT CCA TTC CCG GGT TCC 
Ala Lys Thr Thr Pro Pro Ser Val Tyr Pro Phe Pro Gly Ser 
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Leader 

ATG GTG TCC ACA GCT CAG TTC CTT GTA TTT TTG CTT TTC TGG ATT CCA 
Met Val Ser Thr Ala Gin Phe Leu Val Phe Leu Leu Phe Trp He Pro 

FR1 

GCC TCC AGA GGT GAC ATC TTG CTG ACT CAG TCT CCA GCC ATC CTG TCT 
Ala Ser Arg Gly Asp He Leu Leu Thr Gin Ser Pro Ala tie Leu Ser 

CDR1 

GTG AGT CCA GGA GAA AGA GTC AGT TTC TCC TGC AGG GCC AGTCAG AGC 
Val Ser Pro Gly Glu Arg Val Ser Phe Ser Cys Arg Ala Ser Gin Ser 

FR2 

A7T GGC ACA AGC ATA CAC TGG TAT CAA CAA AGA ACA AAT GGT TCT CCA 
He Gly Thr Ser lie His Trp Tyr Gin Gin Arg Thr Asn Gly Ser Pro 

CDR2 FR3 
AGG CTT CTC ATA AGT ATA CTT CTG AGT CTA TCT CTG GGA GTC CCT TCC 
Arg Leu Leu He Ser He Leu Leu Ser Leu Ser Leu Gly Val Pro Ser 

AGG TTT AGT GGC AGT GGA TCA GGG ACA GAT TTT ACT CTT AGC ATC AAC 
Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Ser He Asn 

CDR3 

AGT GTG GAG TCT GAA GAT ATT GCA GAT TAT TAC TGT CAA CAA AGT AAT 
Ser Val Glu Ser Glu Asp He Ala Asp Tyr Tyr Cys Gin Gin Ser Asn 

FR4 

AGC TGG CCA TAC ACG TTC GGA GGG GGG ACC AAG TTG GAA ATA AAA CGG 
Ser Trp Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lys Arg 

Mouse constant" kappa 

GCT GAT GCT GCA CCA ACT GTA TCC ATC TTC CCA CCA TCC ACC CGG 
Ala Asp Ala Ala Pro Thr Va! Ser lie Phe Pro Pro Ser Thr Arg 
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